Last day with snow cover typically occurs in early April in the southern part of the country 119 and only after 1 st of May in the north (Raab & Vedin 1995) . A ten-fold variation in lightning 120 strike densities is observed in the study area, with south-western Scandinavia receiving the 121 maximum number of strikes (Fig. 1B) pine (Pinus sylvestris L.), using a classical crossdating technique (Stokes & Smiley 1968) and 131 a number of sub-regional pointer year chronologies (Niklasson et al., unpublished data) . 132
Despite the fact that the sites were originally studied within the frame of different projects 133 carried out over a period of about 15 years, the field sampling protocols remained largely the 134 same. Each site was searched for the presence of living or dead wood material of Scots pine, 135 which was sampled with a chainsaw to obtain wedges or crosssections with fire scars. Old 136 trees were routinely sampled in search of completely closed (overhealed) scars. Crossdating 137 of all samples was verified by one of the co-authors (M.N.). During dating we attempted to 138 recover seasonal information about historical fire events by identifying, when possible, 139 location of the scar with respect to the early-and latewood portions of the ring. The sites 140 varied in terms of size of the sampled territory and temporal period covered (Appendix A). 141
Further details of sampling for fire history reconstructions are available elsewhere (Niklasson 142 & Granström 2000) . 143
Despite differences in the amounts of data among the sites, we did not employ any weighting 144 or filtering protocols, e.g. by assigning higher weights to the sites with larger area covered or 145 single fire years with higher number of samples. The rationale for this was four-fold. First, 146
we lacked a clear a-priori hypothesis giving reason for discriminating sites on the basis of 147 their properties. Secondly, we considered weighting sites or single fire events as not 148 appropriate given the current knowledge of forest fire history in Scandinavia. Further, our unpublished data suggests that these changes also had a spatial component, onset 152 of suppression activities occurring at different times across the country. It follows that 153 adjusting the weight of each fire chronology for the sample replication at site scale would be 154 complicated by changing average/maximum number of samples simply due to changing 155 average/maximum fire size. Any adjustment function developed to address this problem will 156 involve multiple assumptions in time-space domains. Since our goal was to minimize the 157 number of assumptions, we rejected this strategy. Thirdly, giving more weight e.g. to larger 158 sites will inevitably increase the influence of properties of particular landscapes (properties 159 such as average fire size, possibilities of fire spread, fuel loads) on the overall picture of fire 160 activity. Finally, we were interested in preserving the maximum number of sites in the 161 dataset to ensure reasonable amount of data for the spatial analyses. By avoiding data 162 filtering with respect to the absolute number of fire-scarred samples we could potentially face 163 two problems: (i) difficulty in translating occurrence of LFYs into absolute estimates of 164 burned area during those years, and (ii) difficulties in understanding heterogeneity within the 165 group of indentified LFYs, with respect to the actual area burned. Both issues appeared of 166 little importance for the current study since we did not attempt to reconstruct absolute 167 estimates of the burned areas. 168
Analysis of age cohort data, temporal coverage of dated samples, and timing of the onset of 169 fire suppression on each site were used to keep a proper track of eventual hiatuses in the fire 170 records. Particularly, site replication in a year was understood as the number of sites 171 supplying material for a particular calendar year. Importantly, a site contributed to the 172 replication only up to the year of the last fire on that site. Sites in the fire suppression period, 173 onset of which in Sweden is dated to the period between mid 1700s and mid-1800s, were 174 therefore of little use for our analyses and by removing them we ensured that that analyses 175
were done on the pool of sites where fires could occur. Thus, even if dendrochronological 176 material was available for a site, the latter did not contribute to overall replication if it already 177 had entered the fire suppression period. 178
179

Defining synchronicity in fire occurrence 180
We used a composite definition of LFY, utilizing both the percentage of sites burned in a 181 year and theoretical probabilities of observing a particular number of sites burned in a year. 182
In particular, we first evaluated the relationship between absolute number of sites recording a 183 fire year and corresponding proportion of these sites in the total number of recording sites 184 during that year (Appendix B) and selected years with ≥ 20% of sites burned. Secondly, we 185 evaluated the theoretically expected frequencies of years with fire recorded at different 186 number of sites and calculated joint probabilities of fire occurrence for years with up to eight 187 sites burning in the same year (Swetnam 1993) . We limited our analysis by eight sites since 188 in our dataset the theoretically expected number of years with eight sites burned was zero 189
(assuming random occurrence of fire across sites, Appendix C). We calculated expected 190 frequencies of years with no, one, and multiple sites burning, assuming the binominal 191 distribution of the events: 192
where N was the total number of recording sites in the analysis of a specific period; X -194 number of burned sites in a single year; p -the probability of a site burning in any year, and q 195 -inverse of this probability. The differences between expected and observed frequencies 196
were estimated with the Chi-square test (Sokal and Rolf 1995) 
Spatial analyses 209
The spatial analysis was used to classify the study area into sub-regions, based on the 210 synchronicity of fire years among sites. Our rationale was that synchronicity in fire 211 occurrence is a manifestation of atmospheric circulation anomalies with a defined spatial 212 extent and a geographical center. To estimate its center position, termed LFY centroid, we 213 averaged coordinates of all sites burned during a LFY. Geometrically, a LFY centroid 214 Drobyshev et al 11 corresponded to the centroid of points, which in this case were burned sites (Appendix D, a). 215
Clearly, the position of the LFY centroids was not "absolute" in a sense that it was dependent 216 on configuration of the study area, the number and location of actual recording sites. LFY 217 centroid might therefore be biased in relation to the actual climate anomaly (Appendix D). 218
We, however, did not consider that as a problem for this study since the aim of the whole 219 spatial exercise was to establish the zonation within the study area. (Fig. 1B) . Considering the whole dataset, general 273 synchronicity of fire occurrence was considerable: we found 9 fire years (1391, 1446, 1568, 274 1575, 1652, 1677, 1807, 1858, and 1868) with occurrences at ≥ 25% of the sites (Fig. 1C) . 275
The year 1652 was clearly exceptional in the analyzed dataset, with 48% of the sites burned. Visual examination of LFY centroid positions revealed that geographically they were 283 separated by the latitude of 60º N ( Fig. 2A) . To verify that the average coordinates of active 284 sites during LFY did not have an impact on the classification results, we also plotted the 285 results as differences between LFY centroid coordinates and average latitude and longitudes 286 for respective year (Appendix G). The original classification yielded the highest ratiobetween-cluster/total sum of squares (55.00), as compared to 1000 bootstrapped runs with 288 geographical locations assigned randomly chosen LFY centroid identities (maximum values 289 in all runs -34.0), indicating that it was superior over any bootstrapped classification. 290
Sites below 100 ha dominated the whole dataset and both regions (Appendix E). T-tests for 291 interdependent samples showed no difference between the two regions with respect to the 292 size distribution of the sites (P = 0.957). 293
A moderate proportion of fires were dated with seasonal resolution in each sub-region: 10% 294 and 19% in north and south sub-regions, respectively. Dormant-season fires and fires timed at 295 the start of the earlywood development dominated in the southern region, whereas this group 296 of fires was the smallest one in the northern region (Appendix H). 297
298
Return intervals for LFY within northern and southern sub-regions 299
At the sub-regional level, the classification protocol used thresholds of six sites for both the 300 northern and southern sub-regions. We used the Hollander-Proschan test to confirm that the 301 resulting distributions of LFY return intervals could be approximated by Weibull 302 distributions (Table 1) , negative exponential distributions being inadequate for both sub-303 regions. The fire return intervals were longer in the northern than in the southern region (Fig.  304   2B) . Cox-Mantel test statistics was 2.35 and significant at P = 0.019. Over the 1400-1900 305 period, LFY return intervals in the northern region showed large variability (Fig. 3) . Long-306 term pattern of LFY intervals suggested a decline in interval lengths in the second half of the 307 1600s and their subsequent increase over the 1700s, observed mostly in the northern sub-308 region. A trend towards shorter intervals could also be noted in the 1800s. 309
Generally, the temporal dynamics of LFY return intervals was more pronounced in the 310 northern than in the southern sub-region. Indeed, permutation test with the scale parameter of 311
Weibull distributions for northern and southern sub-regions showed that the empirical 312 Drobyshev et al 15 difference between scale parameters (39.75) was equal or smaller than a resampled value 313 only 8 times in 1000 permutations (with average difference 7.62), giving 0.008 probability of 314 this difference being a random event. 315
316
Comparing LFY records with climate reconstruction 317
The LFYs, identified separately for both regions, were compared with summer (JJA) 318 temperature and precipitation reconstructions to evaluate association of LFY with climate 319 anomalies (Fig. 4) . LFY in the northern sub-region were associated with positive 320 temperature anomalies covering Northern and a larger part of Central Europe, areas below 321 50° N showing cooler than normal conditions. With regard to precipitation, these years 322 exhibited negative anomalies located approximately above 60° N, and wetter conditions 323 below 60° N, including a larger part of the continental Western Europe and British Isles. 324 LFY in the southern sub-region were not associated with any temperature anomalies which 325 were significant at 0.1. However, a tendency for warmer summers in Southern Scandinavia 326
and Western Europe was visible in the data (Fig. 4) . Analysis of precipitation suggested that 327 these years were wetter in Southern Scandinavia (~ below 65 ° N), along the Atlantic coast of 328 Europe and in the British Isles. 329 330 Discussion 331
Geographical pattern of historical fire activity 332
Years with increased forest fire activity are crucial drivers of ecological processes in 333 temperate regions, making profound impacts on the atmospheric properties, landscapes, and 334 population dynamics of species. Long-term ecological effects of fire disturbances occurring 335 during such years has previously been acknowledged (Meyn et al. 2007 ), although in many 336 parts of the temperate and boreal regions we lack detailed information on the frequency and 337 spatial patterns of these events. In this paper we provide the first large-scale analysis of 338 historical fire occurrence in Northern European boreal forest, suggesting the presence of 339 well-defined temporal and spatial patterns during years with increased fire activity. Spatial 340 analysis of LFY centroids suggested that over the studied area the geographical division 341 between two regions with characteristic fire activity could be found around 60º N. suggest that the majority of the burned area in southern Sweden is recorded earlier than in the 370 north, perhaps related to earlier snow-free conditions at a time of year when precipitation 371 typically is at its lowest (Raab and Vedin 1995) . 372
373
Dynamics of LFY return intervals 374
The probability of LFY was significantly higher for the southern region where a period of 40 375 years would carry 0.93 probability of LFY occurrence, compared to only 0.48 probability of 376 LFY occurrence in the northern region. Shorter return intervals in the southern region might 377 reflect (a) higher synchronization in the frequency of effective lightning ignitions, and (b) a 378 generally longer fire season in the south, increasing the frequency of regional fire-prone 379 episodes. The geographical differences in lightning strikes (Fig. 1B) and lightning ignition 380 densities could contribute to the short return interval of LFY in the southern sub-region. A 381 study of modern lightning ignition data across Sweden has showed a 5-fold gradient of 382 lightning-caused fires with its highest frequency observed in the southern-eastern part of the 383 country (Granström 1993). 384
In both regions a prominent feature of the temporal dynamics of LFY return intervals was a 385 sharp increase in interval length during the 1700s. The timing of this period coincided with 386 presented as a number of sites recording a particular fire year among all sites, which were 648 "active", i.e. recording, in that year. 649
The annual lightning strike density was calculated for the circle with 50 km radius for grid 650 cells with the dimensions of 10x10 km 2 . 651 
